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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive 
electrode active material that is superior, in particular, in 
load characteristics and cycle charge and discharge 

characteristics, and its manufacturing method. SO: — • i leor' 

SOLUTION: The positive electrode active material for a . . i | 
lithium-ion secondary battery is constructed of the -.(i If — | im 

general formula LiyM1(1-x)M2xOz (in the formula, Ml g \^ / \ l 
expresses Co and/or Ni, M2 expresses one kind selected ^ j T J ^^pj S 

from Mn, Zr, Hf, Ce, and Pr, and X is 0 < X < 0.02. y is t- i. i ' | 

0.95 < y< 1.10. z is 1.8 < z < 2.2). Furthermore, the _ ... |t,^'v, : | 

positive electrode active material for the lithiumHon f- \i [m.r?y^ ; \ 

secondary battery can be manufactured by mixing one or | »-'^".^L- s 
two or more kinds of the compounds containing at least ' " ^^^^ ^ nfo-OiG o. a ^J'' 
one kind of metal element out of Co, Ni, Mn, Ti, Zr, Hf, m-^-. t o 

Ce, and Pr with a lithium compound and calcinating it 
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(57) [51*51 

#iSfi4, — «a:^L i i- M> ( 1 - X ) M2 X o. 

WM' l±C o2Sit//3J.I4N i . M2 l±Mn, Ti. Zr 
. Hf, Ce, P r;l>e>^^^i^fc'>/j;< 1 1 IS. x (i 
0<xgO. 02. y»4 0. 95;£ySl. 10. zl± 
1. 8<z<2. 2)' -C^^n^Wfifet-rS, Sfc;*:^ 

i. Mn, Ti, Zr. Hf, Ce, Pr»7*)'>''i< 
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ISt«« 1 1 

-jftSL i y Ml ( 1 - X ) M2 X O t {^^(OU^ \t 
Co&U^/XliN i . MMlMn, T i, Zr, Hf. 
Ce, PTf)^hm\ttlti<}^^J:<thims xttO<x^ 
0. 02. yllO. 95^y^l. 10. z 1 . 8< 
z<2. 2) T**ix5r i:«r1#»ti-5D^l>i^'<^ 

[fS*JS2l 

CoRt//3lflN i . MMlMn, T i, Zr. Hf . 
Ce, P r ;i)>^Simfc/>7i< t IS. x(10<x^ 
0. 0 2. y(^0, 9 5^y^l. 10. ztll. 8< 
2<2. 2) T^Six. **o«tK«S:^Wi-^^^Sr1# 

So 

sxTx^h^z t i:9^mt'r^m^^ 2 xii 3 icia«co y 

tfJlSMMiCo-e^ip. BUfSMMiMn^Hf ; Mn ^ 
Ce, MnirPr. TiirHf, Tii:Ce, Tii:P 
r. Zr<tHf, ZrtCe, Zr^Pr. Hf^C 

So 

^leMMlN i Tfct). mllSM2 HMn t Z r , Mn ^ 
Hf, MntCe, Mn^Pr, Tii:Hf. Ti^C 
e, Tii:Pr, Zr^Hf, Zr^Ce, Zr^P 
r, HftCe, HfirPr, C e ^ P r J: "9 /.^ 

t-t^in^^ 1 7!?^ 4 ^7)V^■ft^3^^ 1 JgicfBicCO y f^^? 

(iC o^U^N i r'^*9 . milSM^ (^Mn t C 
e,Mn>Pr,Tii:Cs, TitPr, ZrirP 
r. Hf.tCe, HfirPr, C e ^ P r i >9 

1 7!;^4(75^/^-ftt;^^^13S^Cffi«Sc^7:>y 



2) I^M 2 0 0 4 - 6 2 2 9 

2 

Co, Ni. Mn, Ti, Zr, Hf, Ce. PrOp 
V>?i< ^ t ia<0^jR7ciR«r^Wt-5{b'g^«)^*a3l 

[0 0 0 1] 
[0 0 0 2] 

10 0 0 3] 

[0 0 0 4] 

(L iM0 2 (MUM^^Mtc^) ) t^mihh^o 
30 ^^/^^«cmiti4<^f^±$ii:6gt^<i: urn. Li Co 
O 2 d A 1 ^mu-t^ r t Lfc1#F^¥ 11-7 

9 5 8-^^«. Li (Co, Ni) 0 2(CNa, K, M 

g, Ca, A\ <0(P^J:< thl^'^^^^^-t^^^^^^^ 
t Lfc#r^¥l 0 -2 5 5 7 9 5 ^<i^WJ: ^ 

[0 0 0 51 
40 10 0 0 6] 

(cg^T^t^^xfctcO-CfeSo -tfjiib-h-^^ ^^^^^^^ 
5o 

10 0 0 7] 
50 [K®«rft?*i-^fci?!)(7)#g] 



3 

10 0 0 8] 

i-*i:?*>*«W<OiWli. Tia (1) ~ (8) itJ/j:^ 
[0 0 0 9] 

(1) — /ft^L i y { 1 - X ) M2 » O X 
MM*Co&t//3^»lN i , M2 JlMn. Ti, Zr, 
Hf, Ce, P r ;i>e)agimfc^l^>'^< ^ t> IS. xfio' 
<x^0. 02, yliO. 95Sy^l. 10. 1. 8 
<2<2. 2) r*^^?ttSCi:Sri|#ISi:i--6yf^^'A>f 

[0 0 10] 

(2) ~-«3:^L i yMl (1 - X) M2 X Oz (^I^CQ 
MVJIC oS:t//XliN i , M2 J:tMn. Ti; Zr, 
Hf, Ce, P r;**bil(fixfcii^nc< t t 1«> x.llO 
<x^0. 02. yliO. 95Sy^l. 10. 1, 8 
<2<2. 2) -e^$ix/;6>oe^®lS^'&Wi-^w<i:^ 

lO 0 1 1 ] 

(3) BfiK5a»«;5K r^u:^v^m<Dmmm. tjv^^) 

[0 0 12] 

(4) mmiEmm^Wi>^^m ^ri^^mWiComsL^^ 1 

fil:%WTT*fo6::i:^4#m^i-5it3jtJS (2) Xli 
(3) (CiE«e(0!;5^^^i.-i':^>'-^^«*ffljE«fS#l®, 
[0 0 13] 

(5) HfjfEM» lie oT^<9. fiuiaM2(iMn<hHf 
Mn^rCe, Mn<hPr, Ti,>:Hf, Ti^Ce, T 

i tP T , Z T tH f , Z T tC Z T tP r , Hf 

[0014] 

(6) HtJlSMMlN i T'fctJs B^iSMMlMn i: Z r . 
Mn<tHf, Mn<i:Ce. Mn<bPr. Ti<!:Hf. T 

itCe, Ti^Pr, Zr^tHf, ZrtCe, Zr 
tP r . H { tCe, HfirPr, C e tP r X^^J:6 

^m7cm<om^^t>itm^^hm\:ititz 1 a-cfcs ^ ^ 
#mt-r6Bf*JS (1) 7!?g (4) c7:)i>-fn;6^iigicfa 

[0 0 15] 

(7) guKM* lie oSt/N i -Cfei?, ftulEMMlMn 
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tee, MnirPr. Titee. TiirPr, Z t t 
Pr, HftCe, HftPr, CetPr<tt)*5^ 

jgTc^oia;^^ t^-tts^ ^ ilimfc 1 St? te 2) w t Sr4* 
tSir^^m*^ (1) 7!?M (4) ov^ri^;^»-l3IlcE« 

[0 0 161 

(8) eo, Ni, Mn, Ti, Zr, Hf. Ce, P 

JO ^ztiwmt-r^m^^ (1) (?) <ov>-fiv7!»^ 

lw|B«CO y A-< Ji-^'ZlScffiWlMjEffiSifeSe 
[0 0 17] 

-r?ii:)*?^^^T*llfiiJia (1) - (4) icia^Lfcflt^ 
[0 0 18] 

^)t*:«5^T*li*tr8a (5) - (7) Jcffi«gU:fcl: 
M2{12McOi^R7C^T*^^wi:;^W*U<. ZCDt^ 

[0 0 19] 

V^TI^^alcIfi.Wi-6o *:«^<OiEflif&ife»H. Li Co 
O2, LiNi02, XIIL i (Co, Ni) O 2 T** 
$H57^::^B%^O^el^m*£Si: L. CoXliNico— 
gP^Mn, Ti, Zr, Hf, Ce, P r 36^e>31liixfci 

[0 0 2 0] 

M2 X Oz l^:fol'^T. HufSM^ ;5i5Co(7:)tt L i CoO 

(x) t(om%^mi. 2\Z7r^l.fz. ttJlSLfcM2 
5^JS7C^^0 < X ^ 0. 0 2^Wi-6t ^. ^/u 
, ?e«cm^t±.S:U^:&?^#tt;5i^l^±t-5wt;655^7!)-'5o 
B^^T'lim, 2l;i^L/cJ: 91c:. M^llZr, Hf, C 
e, P r;^*^Jf^L<. M(-W*L<llHf , Ce. P -r 
Xh'O. fttS?^ L< IIH f T'^b^o iE«lf§4^®CD^al 
^•ic, Mn, Ti. Zr, Hf, Ce. Pr ;6^<biMlltt 

[0 0 2 1) 

50 T^^MlCii?. ]E«f§it^K«:S{it1-6fcA^>lcKf£-C«E 
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[0 0 2 2] 

lO 0 2 3 J 

— j|S:^LiyM* { I - X) M2 , Oz (c::JoV>-CMi = 
Co. M2=Mn<D^#. El 1 t-:^L/cJ: <0 
'^*l:xliO< X ^0. 0 2T-fet). »*U<llO<x 
^0. 0 1. !El-»^L<llO<x<0. 0 0 7. *t) 
U< I:i0< X ^ 0. 0 0 5T^5o 

[0 0 2 4] 

— ^^LiyM^ ( I - X ) M2 X Ox tCioV^TM> = 

Co. M2=TiCD<h#. la 1 t-:^LfCct M2 
'&*fixliO<x^O. 0 2-^*)f:)s »*U<lt0. 0 
0 3.^x^0, 0 1 8. Mt-»^U<JtO. 0 0 5^x 
^0. 0 1 5. L< ^iO. 0 0 7^x<0, 0 

[0 0 2 5] 

— K^LiyM^ (1 -x) M2 xOzlc:^ol>rMi = 
Co. M2=ZrO^^. |g|ltc:^Lyci:5tw. 
-g-^fixllO < x ^ 0. 0 2T^'9. *?^L<(i0<x 
^0. 0 1 . L< (10 < X < 0. 0 0 7. St> 

L< (10 < X < 0. 0 0 5T^5o 

[0 0 2 61 

— iix^LiyM^ ( 1 - X ) M2 X O2 tC:JoV>TM» = 
Co. M2=HfcDi:t. I12tC^LfcJ; M2 <0 
$=tS:x''liO < X < 0. 0 2T*fc"9. »*U<tlO. 0 
03^x^0. 0 2 . L< 110. 60 3^x^ 

0, 0 1 8..*t>i?^ b< HO. 005^x^0. 01 

[0 0 2 7] 

-^^LiyM' ( 1 - X ) M2 X Oz «C:fcV^TM' = 
Co.'m2 =C e^Oi: ^ 2 (c^ L/c J: 5 (D 
^Wl:xllO<x^O. 0 2T**>'9. i?^L<(10<x 
^0. 0 0 7 . L< HO < x ^ 0. 0 0 5. S 

'b»^t<llO<x^O. OOlVh^o Z<Dt^m:i 

[0 0 2 8] 

— Ax^L iyM» [I - X) xOz |;l^^V^TM» = 
Co. M2=PrC^i:t. E12(C^LfcJ: 5t-. M2 o 



(4) 1* Bl 2 0 0 4 - 6 2 2 9 

^*fixll0<x^0. 0 2T*feO. »^L<liO<x 
^0. 0 0 7. 5ei-»*L<liO<x^O. 00 5. ft 

t»^L<«iO<x<0. OOlTfcSo rcDi:t#J- 

[0 0 2 9] 

^^^NiOiht. L i N i O2 d^SJfS^B^^'jrSp rc?5^ 

-S^JSTC^iO^Wfl: (x) i:(7:)Bl^^ia3, 4tC;^t 
^0 tfJiEbytM^ i:/£5&«7c|g*r0<x^0. 0 2^ 

:^^W.T*Hia3, 4(c^L)^cJ:5. 
tC. MMIT i, Z r, Hf . Ce. P rf>m^\^<. 
3et::»*L<{lZ r, Hf. Ce. P r T-fc 0 . ftt>» 
^L<llHf, Ce, P rX'ih^o sEmm^n<7)^^iB^ 
IC, Mn. Ti, Zr, Hf, Ce, Pr ;6^^jlHtuS 
< ^ 1 ffiSr^^^HI-r«> C i: J; 19 . lEffiSfeSco^ 

[0 0 3 0] 

[0 0 3 1] 

[0 0 3 2] 

|JS:^LiyM' ( 1 - X) M2 X Oz.tC^oV^TM^ = 
Ni. M2=MnC^i:#. HI 3 I^Itj^ Lfc J: 9 M2<0 
^Wl:xilO< x^O, 0 2T**)i9. »^L<HO<x 
<0 ^0. 0 1. HlC$?^L<{10<x^ 0, 0 0 7. 

if^L<iio<x<o. oo5-r*^5o wCO^t#icffi 

[0 0 3 3] 

-|i5:^LiyM» ( 1 - X ) M2 X Oz l^i^l'^TMi = 
Ni.M2=TiO<b:#. ia3lC;^r:L/Cct M^tO 
t'*l:xllO<x^O. 0 2Tfci9. »^L< 110 < X 
^0. 0 1 . i:{c:»^L< (10< X < 0. 0 0 7, ftt 
»^L<llO<x^O. 0 0 5-e^5o rcoi: ti}t(cfl5 

50 [00 3 4] 
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Ni. M2=Zr(Oi:#. ia3(C^UfcJ:5«C, M2 (7> 
^*SxliO<x^O. 0 2r-^»?. »^ L< 110. 0 
0 3^x^0. 0 1 8. 5!IC:»^L< (10. 0 0 5^x 
^0. 0 1 5. gt»4U<liO. 0 0 7 ^x<0. 0 

[0 0 3 5] 

— jeS;L iyM> (i-x)M2xOz (c:*5V>-CM > = 
N i . M2 =H f I3 4Hi^UfcJ: 5t-. M2 (O 

•&WS:xli0<x<0. 0 . L< (10. 0 

0 1^x^0, 0 2. Hl;::^^ L<(10. 0 0 3^x^ 

0. 0 1 8, St»*L<(10. 0 0 5^x^0. 01 
[003 61 

— Jft^LiyM* ( 1 - X ) M2 X o« (;::*5v^TM» = 
Ni, M2 =c e Oirt, [l|4(C/T^LfcJ: ^Iw. <7) 
^Wl:x(10<xS0. 0 2T*fc<9. <if^ L< (10. 0. 

0 3^x^0. 0 1 8, JE(Cff^L< (10. 00 5^x 
^0. 0 1 5, «:tj»iL< (10. 0 0 5^x^0. 0 
12r-fc^o roi:##(c«ixfcf-^^/w^«clii^tt^b 

[0 0 3 7] 

— |g:^L iyMi (i-x)M2x02 {c::fb%^■rM» = 
Ni. M2=Pr<7>^#, lll4(C^L/cJ: 9(-> (O 
^^fixdO < X ^ 0. 0 2T*fe»9. fl^^L<ll0. 0 
01<x^0. 0 1 8. M(C»^L< (10. 0 0 3^x 
^0. 015, ftt)$T^L<(10. 0 0 3 ^x<0. 0 

[0 0 3 8 I 

— <3:^LiyM» ( 1 - X) M2 X ^c:^ov^TB^Jl^M 

1 ;^>^C oS.t;^N.i <7:)<t Li (Co,. Ni) Ozt^^ 
^>^I15, 6(c:;^LfCo Htja!LfcM2 ^/^5&M7C^^ 

o<x^o. 0 2-g-*-f-5^^^. iJ'/ussgcSitt^tt 

5, 6 (C^LfcJ: ^►CI. M2 (IZ r , H f , C e . P r 

mf^L<. Ml::*?^ U< IIH f , .C e, 

fi:t)»*L< (IP r Tfc5o lEmm^Wcom&^'{^. M 

n, Ti, Zr, Hf, Ce, P r 75^ <biMdtL6 ^>=^<^ < 

to 0 3 9 ] 
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[0 04 01 

*fc. ®^9Si^a^!»±i-5fc*!>(c. ®^#H^Ti^figi- 
5ri::6JTt5o #(CN i (ISTc^^tv^-rv^fc*!)®^^* 

[004 11 

— IK^L i yMi (I -X) M2 xOt (C*3l>TMi = 
CoSU^Ni, M2=MnO^#, E 5 (il^ Lfc J: 5 
CI. M2<^^^l:xllO<x^O. O2T**>0.»^U 
<(10<x<0. 0 0 7. H(;i»^L<(10<x<0. 
0 0 5. ftt>»*L<ll0<x^0. OOlT'fcSor 

20 [004 21 

— jKxtL iyM* (i-x) M2x02 {c:^3V^TM» = 

tC. M2 (T^-g-:^!: X (1 0 < X < 0 . 0 2 Tfe D . if * U 
<(10<X<0. 0 0 7, M(C»*L<(lO<x^O. 

0 0 5. L< (10 < X ^ 0. OOlXh^o ^ 

[0 0 4 31 

— i^^L i y ( 1 - X ) M2 X Oz (C^ol'^TMl = 

(C, M2(D^^rl:x(10<x^0. 02T*fct).»*L 
<(10<x^0. 0 0 7, M(c:»*L<(10<x^0. 

0 0 5, *t>*f ^ L< (10 < X ^ 0. ooi-e^^o w 

[0 0 4 4] 

— Si^^LiyM* ( 1 - X ) M2 X Oz lC:^o^/^TMl = 

(d. M2 (75^^fix(10 < X ^ 0. 0 2'C*fo«9 . $fiL 
^0* <H0<x^0. 0 0 7. M{C^f:^L<(10<x^0. 
0 0 5. g:ti$f*L<(10<x ^0. OOlT'fc^o C 

[0 0 4 5] 

-SS:^L i y ( 1 - X ) M2 X Oz lc::^oV^-CM^ = 

(C. M 2 (D^^M X (1 0 < x ^ 0 . 0 2 ^9 . $f t L 
<ll0<xS0. 0 0 7, |!(C»^L<(10<x^0. 
0 0 5. ftt>»^L<(10<x SO. 001TS>5o :i , 
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[0 0 4 6] 

— ittSiL i y Ml ( 1 - x) M2 X Ox iCiJol^TM^ = 
CoXU^N i\ M2=Pr<D^#. 13 6 IC:^ Lfc J: 9 
M2 <0^^rSxllO< X ^0. 02TfeD.»^L 

<\to, ooi<x^o. 0 1 8, 5e«c:»*L< no. 

00 3^x^0. 0 1 5. at>»*L< ItO. 0 0 3S 
x<0. 0 12T-*>5o t^lCffittfc1^-r i5^/W?E 

Co 0 4 7] 

tt3&5iii<. lEfii. :ftffir^(DL i -r::^vog^$:^TV^^1- 
Mn, Ti. Zr. Hf, C e , P t ^^hmitin^(i^fj: 

[0 0 4 8] 

0. OimS%i^±. 0. 0 9SS:%J^ 

iiii±s 0. 7mm%^T. »t>»*L<j±. «tB^S(7>» 

0. 0 5m&%J^±. 0. 5fiS%UJLTr*fc5o 
[0 0 4 9] 

4#tC*^5^TMi— IftaS L i y M » ( i - x ) x O z 
^'(TPMMiMn, Ti. Zr, Hf, Ce. P t ii^bM 

i^^Si^^ ^tc:«/>^iJ:5r t;$5T-#. 117-2 4 (d^ 

[0 0 5 0] 

— IKSIL iyMi(i-x)M2 X Oz ld:|oVNTM» = 
ICHf. Ce, P r ^^#-r5C^;^'^^f^L<. Z<Dt 

[0 0 5 1] 

Cocot mstCTj^LfcJ: ^(C. M2 LTT i 
ICHf, Ce, P r ^^W-r^r <t7!i5$?^L<. 

[0 0 5 2] 



(6) iRpga 2004-6229 

— ft^^LiyMi ( 1 - X) M2 X Ox tC^oV^TM^ = 
Co(Ot#, ia9(C^U^J:9l-. M^irUTZrt* 
ICHf. Ce, P r^r-^^t+^r <i:*5»^L<. ^(0^ 

[0 0 5 3] 

— jft^L i yM» ( 1 X) M2 X Ox tC:^oV^TM» = 
Co<Ott^ H 1 OClTrUfcJ: M2 <b LTH f ^ 

^tCMn, Ti, Zr, Ce, P r Sr^W-f^ C ^ jS^Sf 

[00 5 4] 

— IK^L i y M» ( 1 - x) M2 X Ox l;i*5V^TM> = 
CoO^t. liIl'l»c:^Lyhc^:5(-^ M2tUTCe^ 
^(i^Mn, Ti, Zr, H f ^^#1-^ r <!: L 

[0 0 5 5] 

— )IS:^L i y Ml ( 1 ~ X ) M2 X Oz (;i:JoV>TMi = 
20 Co<Ott. H 1 2(C^LfcJ: Pic, M^tl.XPrt 
^(CMn, Ti, Z T.'Hf^^m-t^Zti^mt.L 

[0 0 5 6] 

— jK^LiyM^ ( I - X) M2 X Ox tC^oV^TM^ = 

Ni(Ott. H l-3(C7j^L/c:<k 5(-> M2^LTMn,^ 
^(CZr. Hf, Ce, P r Z t^m-^L 

30 [0 0 5 7] 

—^^L i y Ml ( 1 - X ) M2 X Oz (C:JoV^TMi = 
Ni(Dt^. 0 1 4{c:^Lfc<t 9«-> M2^LTTi,h 
m^Hf, Ce, P r ^^^i-^::Ltmj^l.< . Z.(D 

[0 0 5 8] 

— S^^L i y Ml ( 1 - X ) M2 X Oz (C:feV>rM» = 
N\<Dtt. m \ 5tC7j^L/c«t 5i-s M2 irUTZ r 
*ICMn, Hf, Ce, P t ^^^-f ^Z.ttm'^L 

[0 0 5 9] 

— IftJtL i yMi ( I - X) M2 X Oz {;i:JoV^TMi = 

•N i CO^ m 1 6 (C^L/Cct 9 (d. M2 ^ LTH f <^ 
*ICMn. Ti, Zr, Ce, P r ^^^-f^ ^ ^ * 

[0060]' 
—/i^^L i y Ml { I - X ) M2 X Oz {C:^QV^TMl = 
50 N i coi:#, H 1 7(C^LfCcfc ^(C. M2 ^ LTC e t 
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// 

*lwMn, Ti. 2r, Hf, P r Sr^Wi" 5 w i: 
[006 1] 

— jKaSL iyM> (i-x) xOz |C*51>TM> = 
N i Ott, 01 8{Z7r:\^itX0\^. tLXP r t 
^dMn, Ti, Zr. Hf, C e ^r-^W^T -5 :i i 

[0 0 6 2] 

Co&U^N i(Ot^. lai Std^LfcJ: M2 ^ L 

rMnt*«CCe, P r «r^Wf 5 w t U < , C 

10 0 6 3] 

— «:3S:l iyM> (i-x) M2xO« (C:feV>TM » = 
CoRXIU 'KDtts 1112 OICj^LfcJ: t U 

-CTii:^lCCe, P r ^^^-t^ Z t:dm^i.< . Z 

[0 0 6 4] 

— Hx^L i y Ml ( I - X ) M2 X Oz iC^oV^TMi = 
[0 0 6 5] 

— /S^L i yM' ( 1 - X) M2 X Or |C:^^V^TM1 = 

[0 0 6 6] 

— {K^L iyM^ ( 1 -X) M2 x Oz fC^oV^TM» = 

Coi5:U^N i co<J:#. 2 3 (Ct^ L/c J: 9 t L 

TCeir^ClMn, Ti, Hf, P r ^^^ti-^S w <^ 

[0 0 6 7]. 
— /i^^LiyM^ ( 1 - X ) M2 X Oz (C4oV^TMl = 

CoSU?Nicot#\ 112 4{c:^LfcJ: <t L 

TPr,b^(CMn, Ti, Zr. Hf, C e ^^Wi-^) 

[0 0 6 8] 

[0 0 6 9 J 
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*^s^^5o *isw-enc oXtJ^/xftN i , L i 

TC^T-fotJx Mn, Ti. Zr. Hf, Ce, Pr0o 

o, Ni, Mn, Ti, Zr. Hf, Ce, P r(Ooh 
<i^fl< b t) l«0&JR7C9SSr^*i-<5{b^i»S:*36XH 

[0 0 7 0] 

10 «3Jx»^L i 2 CO3, L i OH. LiO 

H-H20; Li20. LiCl. LiNOa. Li2 
SO4. LiHCOa. Li (CHa COO) 

[0 0 7 1 J 

mIfBCo. Ni, Mn, Ti, Zr. Hf, Ce, Pr 

Tii. ^mz^^x^mt't^^m.Ttm^^^^^^^ 

[0 0 7 2] 

i^it-m:.mMt\.x^m^t\.^yt^^mit^^. v^it 

Xtmt>fj:\^\ ^^^'^^{b^fe^ bTllB2 O3 , H3B 

osr^mmx^^, \) ^it^mti.x^tv^'m^^i^^x 

^Mit-^^t LTti, L i 2 SO4 , Mn S 
O4, (NH4) 2SO4, AI2 (SO4) 3, Mg 
30 SO4 /^^;65$^^L<^VMbt^5o ^tzi^^^^^^m 

^^^y>7C^i:'$iyit^^tLX\tNH4F, NH4C 
i , NH4 Br, NH4I, LiF. LiCl, LiB 
r, Li r. MnF2, MnCl2. MnBr2, Mn 

1 2m*-mmx^^, ' 

[0 0 7 3] 

40 ^LTt^aiV :^=7')-^<o^^m\^^i^\^XWMW:^ 

[0 0 7 4] 

iga:*3t T 1 5o mf&wLm^t 600-^1300 x:tmt. 
L<. ^^^£^(11-2 4B#Bn7&5Sf^ ti\ i^tim,f&n 

50 5o m^m^^ik. bv^;5^v^fL«c-^>K-/u^/K mwi^ 
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J3 

[0 0 7 5] 
[0 0 7 6] 

^ii^ij^A, hi) y/^^^^^:^:^/^7t^:^^. i—'tyf- 

[0 0 7 7] 
[0 0 7 8] 

[0 0 7 9 J 

[0 0 8 0] 
[0081] ' 

So y^i^A^^^ LTllCT;tl^L i A 1 -g^^. Lis 
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14 

[0 0 8 2] 

/a ®iiti.^2astil±frS^u-cfi^fflLTfc«t>*v\ 

[0 0 8 3] 

g^yf^^7A, myyitV'^mv^^j>^, hy>'yw:^n^ 
^>^»yf"e7A<(r^*(^y^f>Aifi/£i';^5ffiffl-c#^>o ± 

«*5*v\ 5eJc:«E«|^xti=^«S<oy5^i^AH^^>'(0« 

20 [0 0 8 4] 

3E*c-fe/"^u-t$^-l 4 t UTTKy^n^u^^K, /Ky^^n 

ir/^'u-^5^'-^fflV^T:^fc(c:^^^v^y 

[0 0 8 5 1 

^^^ELTV^^,flgi#M60«IlI^*:«r«^LT y ^•i' A^ 

x\ m^^Jim^m^xh^ tthi^^. lEmf^^nm^x 

40 DISK. «;«i^fi:Sr:^t</^^^/i-=3«^-«?S^i«<i-S 

[0 0 8 6] 

[0 0 8 7] 

I y ^ A ^ ±:y^-^m.nLcom^^\'tm^m.'^ ^ n^i^ 
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15 

m^mwim. sftsmis. m^yv>^'$^. 

y-K— ^^/i-CD. t:'x::^A-t:\ -^t'^-v-g^ 

gib*. m^gWj<:> =fjuy:^-h. m,m^-h. 

[0 0 8 8] 
10 0 8 9] 

(^t&«^J] 

JISJlSl-^T^^^Ib'g'fe^ LT^^b-^ (Mn2 03) . 
mt'^^^' (Ti02) , gg{t:S^/U=i:^'^i>. (Z r 
O2) , g^^k/^>'::^e7i^ (H f O 2 ) , ^it^^ V ^ 
(Ce02) , (Pr02) (Doit> 

{}^-fj:< ti,im. mmt^='y'^^^h (C0304) b^xj^ 

/Xli®e{b^y<5^/1- (N i O) . J^e^ii (L i 2 

CO3) . ^^^(7)ja^it^/jr5<t5lc#fi:L. 

0 0-1 2 0 o'Cco^^^ofaiST-JK^Lfco mfS.^^. y 
^tf^m\^Xl^W\^. # 2 0 OtO^SV^^riiL. *^0>^ 

10 0 9 0] 

mmm 1 ) 

e^{b/^:7-r>A (Hf02) . Eg®^fbH=''^vu K (Co 
3O4) s m.m.'Jf'^J^ {Li2C03) . ^gf^etoJia 

±%.^\zx^Mm,'t^^ 9 5 ot:(7)^^(7:)?&ST 
^fi)ci-6o ^fi5c^> 7^;<7^«(cTjSr5^=t. # 2 0 00 

[0 0 9 1 ] 

C^JS^^J2] 

iS3|SF^/^5fb^4^i: UT®!{b5"^5^> (Ti02) . m{t 
/^y=^^A (Hf02) . mmt^^^^^^V (CoaO 

4) . (L i 2 C03) , ^^^om^it 

-So :^«4'(CT/S3|sf®^4*i^9 5 0*CcOBff3£<75ta;Sr*ai 
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16 

fiJc-f^o ^fi!c«. 7^;«7>f«ltCT«9»U. #2 0 0(D^ 
10 0 9 2] 

02) . mY.y^y^^'^-^ (Hf02) . 2g®{bH=^/vi- 

h (Co 3 04 )\ ^g^y^^A (Li2C03) . ^ 

(Dw.mx^^'r^o mf&^k. y^:fj-(m\^xB^\^. # 

[0 0 9 3] 

' !^Mt^j:^it^^tl.Xmiti^y^=^=^^^ (Zr 

02) . K{b-ty!>A (Ce02) . mmitE,^y<^^h 

(C03O4) . J^g^y^^A (Li2C03) . ^BFf 

20 ^.f^Si-rs, ;/^^q^i;iTm)^jS'g-ife;S: 9 5 Ot:O0f«cD 

[0 0 9 4] 

^Mt-^^^\t^^t\.Xmt^Jj^^=-'>^ (Zr 
O2) . ge{b^V;;^>' (MnzOs) . ^{b^';^^/^ 

(N i o) . i^Ky ^rJ'i^ (L i 2 C03) . ^m%<o 
j<? mt^o i^%^\z,xwMm^^^^ 10 0 ot:oM:^c7)fa 

ST*«EfiSc;rSo 7^>^ffilt-T|&^U. #20 

[0 0 9 5] 

]^Mtf^^\t'^mt LT^fbi^/l-:^^^-^ (Z r 
O2) . ^{b^^7::^^7A (Hf02) , mt=^y^^^ 
(N i O) . mk')^"^^ (L i 2 CO3) s $:^;£«0 

ST'j^/S-r^o Se^^^ #20 
0(^^5VN$riiL. *:^^(75y ^"i^AS^^feJRIS'g'S^fb 

[0 0 9 6] 

l^.Jfsf^^i^fb'&ife*!: LTKibi^/u^^e^i*^ (Z r 
O2) . ^{bir y '^i^ (C e O2) . mit^y^^^ (N 

i o) . m.^')^^j^ (L i 2 C03) , ^fi?f:£oafiSc 
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[0 0 9 71 

02) . mityy-t:ti^i^'^ {Pr02) . mmt:==' 

(C03O4) . mt=^ y^^^ (N i O) . 

y^^i^A (Li2C03) . ^m'&<oi^^^ttj:^Xo 
xm^n&^^i: 10 0 Ot:o0r5£«^«a*r-j^fig-r5o «e 

[0 0 9 8] 

C^ffiW9) 

Sik-feyi^A (Ce02) . Eg»{bH=i/</^h (Co 3 

O4 ) . Mib^y^/l- (N i O) . i^g^y ^"^i^ (L i 

2CO3) . ^m^<om^^tfj:^x^{:iwm\^. 20 

1 0 0 0*Co^5£(?:>?S.ST*gfei^ci-6o ^^fe. ^-r;^-Y 
«(;::rt&fii:U. # 2 0 o<o^^v>'^iib. :*;^^cDi;f^ 

[0 0 9 9] 

mmmi o) 

m)N'<i:/^'5<b'^t^i: LXg&ib^^?'^^ (Ti02) . mt 
•fey^^A (Ce02) . Eggg^bH^/^yWh (Co 

3 04) . mt=^^y^/^ (N i o) . m^'j^^y^ (L 

i2C03) s ^^:^(7:)mfi)ctt^/^6J:9(::^FfiL. ^ 

^1 0 0 o'C<75gf^co?g.St:-j^fiSci-5o "7^^ 
^m^cxB^l-. # 2 0 Oco^6v>^iiL. 

[0100] 
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^ L i lii*^^3fefiifex C o \tm^^s N i . Mn . T i . 
Zr.Hf.Ce. PrlilC P«3t5^3t^^W feJ- J: 

(0 1 0 1 1 

(I£S«^7^f^8i) 
[0 10 2] 

7}?^^ h=l : 1 (t^iffiit) (Dm^'^mm^^h i PFbSt 

1 mo 1 / 1 (75!8ftT*@»Ufc^i«^ffl^^/Co 
[0 10 3] 

5t:{c-cm«Li. 6 ATM.. 2 v^Tjtmat^^iBEjem 

ffiSEl. 6AT2. 7 5 V:^T-*feeLfCo wCC»t# 

[0 10 41 

(:fti^#i4<^SyS) 

2 5n;:Tm?ffii. 6A-e4. 2vt,x*^n,M^^B^ 

[0 10 51 

^^^m^^ig. ^^ui. 6A-e2. 75v^TScm-r 
Mmnm (%) ^tis<7:>^ (D f)^b^i^tzo 

[0 10 61 

[ISil 



(3 0 0^-^ ^ )U^<DMnmM) 



X 1 0 0 



(I) 



[0 10 71 

mmm 1 1 ] 

j^g^y f-'^i^ (L i 2 COa) . EH®^{k=^/</V. h (C 

03O4) . (zr02) . 

(Na2S04) y = l. 0. x = 0. 0 0 1 IcVj^ 



50 



5J:^tcltat (0. 5Sft%WLS«^^) . K^^l^ 

/c^^ i»J?L»r'*5)i?=LT. # 2 0 OcO-^6V^^iiLs 
LiCoo. 999Zro. 001O2 ^^#fCo 
[^tBWl2] 
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mm-thV^M. (Na2S04) SrKKJ^f^!?^ (Li 

2SO4) ti-^sx^it^mmiitmrnzLXLic 

00. 999Zro. 001O2 Sr^fco 

immmi 33 

m.mi'hD^M. (Na2S04) i:Wi^:i^V^J^ (K2 

S04) t -r ^u^\t^mm II tmm^zLXL i Co 

0. 999Zro. 001O2 i^lto 

WiS^-thV^M^ (Na2 S04) ^mm-^^^-iy^Ms 

(Mgso4) t-t ^sk^itm^m 11 tmm\cvxL 

iCoo. 999Zro. 001O2 i^tZo 
mmi-hV^M. (Na2S04) ^«tS^:^/Uv-e^i>^ (C 

aso4) t-t^si^itmmmi I tmm\^Lxi. i c 

00. 999Zro. 001O2 Sr#fco 

m^i-hVi^M. (Na2S04) *ra»>^ hnr^-^r^A 
(SrS04) ^"TSeX^lt^ite^iJl 1 <i:[s3StcLrL 
iCoo. 999Zro. 001O2 
17] 

mm-rhV^J^ (Na2S04) S:RtK^<yi?A (Ba 

S04) t^^&.^\tmmi^ni trnmiiCLXh ico 

0. 9 99Zro. 001O2 ^^fCo 
[0 10 8] 

[0 10 9] 

v^^^^:t>z.i^km.mmiEmii^wi^^:^^'x. 4m(D 
m-r 5 :l ^ {c <t Skmm<Dmmtn^ i.xmmxm^m 

tiN i t It^T 4 ttoxii^li^^l 2 ^ J: 

P.^ (c i: ^xti iEfiif§^«o®iit Bf ;c ?g X-^/S-r 6 4i 

[Olio] 

[^p^o^*] 
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20 

f^'SBMi^s^^^mm-r^ z t f>^x^ 

[igi] MMlCo. MMiMn, Ti, Z v t^hmit ^ 

M2^WS: (x) i:(7>K#.^.T^i-iao 
[0 2] MMiCo. MMtH f , Ce. Pr?J>^P>aii 

M2^*fi (x) ^coM^.^^-ri^o 

[1231 M» l;iN i , M2 \tMn, T i , Z r ;5^e>ilt^ 

M2^^g (x) t<Dm%^^^i-mo 

[04] MMIN i, M^llH f , Ce, P r 

M^^^rs (x) tOM#.«r^i-Ilc 
[US] MMIC o<5^U^N i . M2 fiMn, Ti. Zr 

M2^wfi (x) t<omm^^'tmo 

[1^6] MMiCoRr/N i > M^f^H f , Ce, Pr 

20 M2^WS (x) icogi#.^^i-Iilo 

[12 71 Ml liCo. M2{iT i . Z r, Hf , Ce, 

[12 8 ] Ml (iC o. M2 llMn, Z r . H^f . C e, 
im9] MMiC o. M2 [^Mn, T i . H f , C e. 

30 p n^^bm^ttifcimtz T(ot^(o-f-< t^/u^fem^ 

[01 0] M» (iCo, M2(lMn. T i , Z r. C , 

mm\SEjkxj^^^^\^t. ^m-t^^mytm (m^) t<D 

[mi 1] M» liCo. M2{tMn, T i. Z r, H 

f, P r;?)^ibS(^nfclffii:C eC75^^(Dl^-r >:^>^i-SSJ»: 
«#ttSU^:ft^^#tti:. -^W-T^^JStcIB (M2) ,t(7) 

[[gjl 2) MMiCo. M^tiMn, T i, Z r, H 

m.'^\kRU'k^^'&t. ^Wi-5ifeJR7clg (m2) i:(7:) 

[m 1 3 1 M' liN i . M2 (iT i . Z r . H f , C 
'^^'{^RXJ^'k^m^t. -^WI-S^JSTcfg (M2) t<n 
[U 1 4 1 MMiN i . M2 liMn, Z r. H f , C 
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2J 

[El 5] MM^iN i . M2(lMn, T i. H f . C 

[0161 UN i , M2|:3:Mn, T i , Z r; C 

e, P r ^^^Sl^ixfclffiirH f #C01^-<>5^/i^^tt 

[ia 1 7] M> ItN i , M2 liMn, T i , Z r , H 
[018] Ml (tN i . M2 llMn, T i , Z r , H 

. [|g 1 91 (IC oJ5:tFN i , M2 (iT i , Z r , H 

f, Ce, P Tt^h'mtMz,\mtlAn(r>h^(0'^4 ^ 

[112 01 Ml (iCoJ5.U^N i , M2|iMn, Z r, H 
f, Ce, P r;6>bjllf;h.ycia^T i (7)<^#^7:>1^^^5^ 

(M2) ^(TDgl^.^r^-ril 

[H 2 1 1 Ml flC o^U^N i . M2 (tMn, T i , H 
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22 

(m2) i:CDBi#,S:^-ria 

[02 2 1 M^ llCoRW i . M^fiMn, T i , Z 

Ce, P r T^i-^S^ixfclSirH f 0^#<0i^^^ 

[132 3 1 M* llCoRU^N i . M2HMn, T i, Z 
r, Hf, P r;i-e)jlimyc:iatCeO^^<Df->f 

(M2) i:coBi^F.S:7jt-ri§l 

[02 4 1 MMlCoRt/N M2|:3:Mn, T i, Z 
r, Hf, C e;6^^i®{fnfclSi: P r Ot#<Df->f ^ 

(M2) t(r>m^>^^7f^^m 

[la 2 5 1 y ^ 57 As^^femK-^Kib^jSr^ 

[02 7 1 Rt«Sffi?feoBfc50-e*>5o 
[02 9] :^^«i;?i!ico«3g^73^i-0X*fe5o 
1 • CoS.tJ^/XHN 

2- -^igS 

3- -L i ^ 

4- ^^?fli 

1 2 - -mmft^ 

1 Z-IEM 

1 4—-1r/^u— ^ — 
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